Objective: To identify, characterize, and quantify associations of various factors with quality of life (QoL) in patients with asthma, according to the pharmacotherapy employed. Methods: This was a cross-sectional study involving 49 patients (≥ 18 years of age) with severe uncontrolled or refractory asthma treated at a specialized outpatient clinic of the Brazilian Unified Health Care System, regularly using high doses of inhaled corticosteroids (ICs) or other medications, and presenting comorbidities. At a single time point, QoL was assessed with the Asthma Quality of Life Questionnaire (AQLQ). The overall AQLQ score and those of its domains were correlated with demographic variables (gender and age); Asthma Control Questionnaire score; pharmacotherapy (initial IC dose, inhaler devices, and polytherapy); and comorbidities. Results: Better AQLQ scores were associated with asthma control-overall (OR = 0.38; 95% CI: 0.004-0.341; p < 0. 
INTRODUCTION
Asthma is a chronic inflammatory disease of the lower airways and is among the most common chronic conditions, affecting children and adults. It is characterized by increased airway responsiveness to a variety of stimuli, resulting in airflow obstruction that is typically recurrent and reversible. (1) Asthma treatment and its duration play a role in the severity of the aforementioned clinical manifestations (i.e., the severity of asthma). The more severe the clinical manifestations of asthma, the greater the difficulty in managing the disease. (2) The estimated prevalence of asthma in Brazil is 10%. In large Brazilian cities, the mean prevalence of asthma symptoms is 24.3% in children and 19.0% in adolescents. A history of wheezing has been reported in 46.6% of the children living in the city of Salvador, Brazil, as has a trend toward an increase in the rate of physician-diagnosed asthma among children and adolescents in Brazil. (3, 4) In 2003, the Programa de Controle da Asma e da Rinite Alérgica na Bahia (ProAR, Bahia State Program for the Control of Asthma and Allergic Rhinitis) was created. The ProAR is a multidisciplinary education, research, and treatment program integrating the Sistema Único de Saúde (SUS, Brazilian Unified Health Care System) and the Federal University of Bahia, located in the city of Salvador. The ProAR focuses on preventing and treating asthma and allergic rhinitis; providing free medication regularly; reducing hospitalizations, emergency room visits, and mortality; and improving quality of life (QoL). (5) (6) (7) The information obtained by assessing the QoL of patients treated at a given health care facility can inform decisions regarding the choice of procedures and treatments for achieving optimal patient health. (8) According to La Scala et al., QoL assessment is relevant to clinical practice because treatment planning and progression are focused on the patient rather than on the disease. They also state that a holistic approach is required in order to assess QoL, which should not be seen purely in terms of treatment outcome. (9) The Asthma Quality of Life Questionnaire (AQLQ) is a disease-specific instrument that was developed in 1992 specifically for use in clinical studies. It is the instrument that is most widely used in asthma studies. The AQLQ comprises domains assessing multiple aspects of the daily life of asthma patients and assesses their physical and emotional status, thus allowing assessment of the subjective experience of asthma. It was validated for use in Brazil in 2007. (10, 11) The use of inhaler devices in the pharmacotherapy of asthma requires patient education on inhaler technique and handling. Optimal inhaler use increases lung drug deposition and, consequently, treatment efficacy, resulting in asthma control, which is important for a better QoL. (12) The level of patient satisfaction with their inhaler device has been found to have a positive influence on patient-reported outcomes in asthma, resulting in fewer emergency room visits, fewer nocturnal exacerbations, and improved QoL. (13) Studies have shown a correlation between the level of asthma control and QoL. Questionnaires have been developed in order to assess the level of asthma control, and studies have assessed the correlation between asthma control and QoL. (14, 15) The Asthma Control Questionnaire (ACQ) is an instrument that can be used in clinical practice, clinical trials, and cross-sectional studies, ACQ scores correlating well with AQLQ scores. (14, 16) Severe asthma has been associated with numerous comorbidities that are related to poor asthma control, increased use of the health care system, and reduced QoL, the management of which has been reported to have a positive impact on asthma outcomes. (17) Comorbidities are common and include allergic rhinitis, obesity, osteoporosis, gastroesophageal reflux disease, tuberculosis, hypertension, and diabetes. (18) In addition to presenting with comorbidities, asthma patients are often on polypharmacy. The risk of drug interactions and adverse drug reactions increases exponentially with the number of drugs used. Iatrogenic complications can lead to the addition of other medications, polypharmacy therefore being a public health problem that has a negative impact on patient QoL. (19) In Bahia, patients with severe asthma have access to a program that provides treatment with inhaled corticosteroids (ICs) and bronchodilators, as well as asthma education and guidance on the use of inhalers. However, given the complexity of the pharmacological treatment of severe asthma and the clinical manifestations of the underlying disease, asthma management involves more than disease control and access to drugs. In the context of pharmaceutical care, few studies have examined the impact of pharmacotherapy on the QoL of patients with severe asthma.
Given the importance of this issue, the objective of the present study was to identify and characterize factors associated with QoL in patients with severe asthma treated at a referral center in the city of Salvador, as well as to determine the association of QoL-related factors with AQLQ scores (overall and individual domain scores).
METHODS
This was a cross-sectional study to assess the QoL of patients with severe asthma. The study was conducted between September and November of 2013. The data were collected from the database of a randomized controlled clinical trial conducted at an SUS asthma outpatient clinic, where the ProAR is headquartered.
The study population consisted of patients 18 years of age or older treated at the ProAR outpatient clinic and presenting with severe asthma, refractory asthma, or uncontrolled asthma (or meeting clinical criteria for severe asthma); receiving drugs regularly from the ProAR pharmacy; using polypharmacy, high-dose ICs, or both; presenting with comorbidities; and having an FEV 1 ≤ 60% of predicted.
At a single time point, QoL was assessed with the AQLQ, which was administered by three previously trained pharmacists. The AQLQ is a disease-specific questionnaire consisting of 32 items grouped into four domains: activity limitation (11 items); symptoms (12 items); emotional function (5 items); and environmental stimuli (4 items). It can be interviewer-administered or self-administered. The overall AQLQ score is the arithmetic mean of all items, the minimum score being 1 (extremely low QoL) and the maximum score being 7 (excellent QoL). (10) The level of asthma control was assessed with the ACQ, which was administered at the same time point as was the AQLQ. The ACQ consists of seven questions: five questions regarding symptoms; one question regarding the use of short-acting β 2 agonists; and one question regarding FEV 1 . All items have the same weight, and the level of asthma control is given by the arithmetic mean of all items, ranging from zero (well-controlled asthma) to six (severely uncontrolled asthma). (20) The following data were collected from the aforementioned database: sociodemographic data (gender, age, level of education, race, and occupation); clinical data (history of smoking, history of pulmonary tuberculosis, presence of other respiratory diseases, diagnosis of refractory asthma, BMI, presence of comorbidities, percent predicted FEV 1 , and ACQ scores); clinical data on pharmacotherapy (starting dose of ICs, types of inhalers, number of inhalers, and number of drugs used); and QoL data (AQLQ scores).
Given that the AQLQ was administered at a single time point, a cut-off score of 4 (moderate QoL) was used as reference. Scores > 4 were considered to indicate moderate-to-excellent QoL, whereas scores ≤ 4 were considered to indicate moderate-to-poor QoL. (21) For the ACQ, the cut-off score was set at 1.5. Scores ≤ 1.5 were considered to indicate controlled asthma, whereas scores > 1.5 were considered to indicate uncontrolled asthma. (20) Polytherapy was defined as the use of at least five drugs. (19) High-dose IC use was defined as the use of more than 800 µg of budesonide or equivalent. (2) Descriptive statistics were calculated for sociodemographic, clinical, QoL, and pharmacotherapy variables.
The Kolmogorov-Smirnov test was used in order to determine whether quantitative variables were normally distributed. Variables with normal distribution were summarized as means, whereas those with non-normal distribution were summarized as medians.
For variables with normal distribution, the Student's t-test was used in order to assess significant differences between comparison groups. For variables with non--normal distribution, the Mann-Whitney test was used. The value of p was derived from those two tests, in accordance with the characteristics of the study variables.
The variables of interest were dichotomized as follows: gender (male/female); age (< 60 years/≥ 60 years); number of inhalers used in combination (≤ 2 inhalers/> 2 inhalers); IC dose (≤ 800 µg/> 800 µg); polytherapy (yes/no); level of asthma control (ACQ ≤ 1.5/ACQ > 1.5); number of comorbidities (≤ 5 comorbidities/> 5 comorbidities); overall AQLQ score and individual AQLQ domain scores (≤ 4 /> 4). The odds ratios (ORs) for the associations of the study variables with the overall AQLQ score and those of its domains were thus estimated.
Finally, the factors associated with QoL in the study sample were identified and characterized, and their association with the overall AQLQ score and individual AQLQ domain scores was determined.
Independent variables were associated with better QoL when 0 < OR < 1, being associated with worse QoL when OR > 1. An OR of 1 indicated that there was no association between a given independent variable and QoL. Values of p < 0.05 were considered statistically significant. 
RESULTS
Of the 50 patients whose data were available in our database, 49 (98%) were evaluated in the present study, 1 (2%) being excluded from the analysis because of missing data.
The sociodemographic and clinical characteristics of the patients studied are presented in Table 1 . The data on pharmacotherapy are presented in Table 2 .
The AQLQ scores reveal a moderate QoL in our sample (approximately 4), both regarding the overall AQLQ scores and the AQLQ domain scores (Table 3) .
Neither the overall AQLQ score nor individual AQLQ domain scores showed significant differences regarding gender, age, or number of inhalers used in combination. Although the overall AQLQ score did not show statistically significant differences regarding IC dose, polytherapy, or number of comorbidities, some of the individual AQLQ domain scores did.
There was a statistically significant difference between the level of asthma control (mean ACQ scores) and the overall AQLQ score (p < 0.01).
Regarding the AQLQ domain scores, there were statistically significant differences of polytherapy and IC dose with AQLQ "activity limitation" domain scores.
There was a statistically significant difference between the number of comorbidities and AQLQ "environmental stimuli" domain scores.
Asthma control (ACQ scores) was found to show statistically significant differences with AQLQ "emotional function" and "symptoms" domain scores ( Table 4 ).
The ORs for the associations of the study variables with the overall AQLQ score and those of its domains are shown in Table 4 .
DISCUSSION
In the present study, neither the overall AQLQ score nor individual AQLQ domain scores were significantly associated with gender, age, or number of inhalers used in combination.
In contrast, the overall AQLQ score and those of its domains (symptoms, activity limitation, emotional function, and environmental stimuli) were significantly associated with the following variables: polytherapy; IC dose; ACQ score; and number of comorbidities.
Of the study variables, polytherapy and IC dose are directly related to the pharmacological treatment of asthma. In contrast, the ACQ score and the number of comorbidities are indirectly related to the pharmacological treatment of asthma.
The ACQ score is indirectly related to the pharmacological treatment of asthma because the latter is aimed at controlling the disease, reducing airway remodeling, and reducing mortality. (1, 15) The number of comorbidities is also related to the pharmacological treatment of asthma, in the form of polytherapy use or untreated conditions. Therefore, the association of those variables with QoL was assessed (with the AQLQ).
Many studies have assessed the QoL of asthma patients, showing that severe asthma has a strong impact on QoL. (9) (10) (11) 22, 23) Given that the present study was a cross-sectional study in which the AQLQ was administered at a single time point, an AQLQ score of 4 (i.e., moderate QoL) was used as a cut-off point for the association of independent variables with QoL. In another cross-sectional study, the same cut-off point was used in order to assess the QoL of asthma patients at a single time point. The AQLQ is an instrument that is cross-sectionally and longitudinally correlated with clinical measures. (10, 24) The concept of polytherapy remains controversial in the literature. Studies have shown that polytherapy does not improve the QoL of patients, as well as showing drug interaction rates as high as 50% and the possibility of iatrogenic complications from the concomitant use of at least five drugs. (19, (25) (26) (27) In the present study, polytherapy was significantly associated with AQLQ "activity limitation" domain scores. It can be assumed that the use of polytherapy increased the likelihood of worse QoL outcomes in the "activity limitation" domain. Although mean overall scores were more likely to be negatively influenced by the "activity limitation" domain score (< 4, i.e., moderate-to-poor QoL), there was no significant association between polypharmacy and the overall AQLQ score to confirm this assumption.
The level of asthma control (as measured by the ACQ) was found to be a "protective factor" for the overall AQLQ score and for AQLQ "symptoms" and "emotional function" domain scores. An ACQ score ≤ 1.5 (controlled asthma) increased the likelihood of better overall AQLQ scores (> 4) and better AQLQ "symptoms" and "emotional function" domain scores. Other studies have shown an association between well-controlled asthma and better QoL, patients with well-controlled asthma having higher overall AQLQ scores. (16, 28) In the present study, an association was found between the number of comorbidities and AQLQ "environmental stimuli" domain scores. It is of note that patients with fewer than five comorbidities were more likely to have worse "environmental stimuli" domain scores. Consequently, their overall AQLQ scores were more likely to be negatively influenced by their "environmental stimuli" domain scores, although the association was not statistically significant.
Although the study design does not allow causal interpretations, it is possible that, in our sample, there were patients with other respiratory diseases or with medical conditions influenced by factors associated with environmental stimuli, and that those factors played a role in the lack of asthma control (atopy, difficult-to-control allergic rhinitis, etc.). Therefore, it is possible that patient perception of QoL was negatively influenced by the presence of such comorbidities, regardless of the number of comorbidities.
Allergy might be linked to asthma by genetic or environmental factors. (17) However, allergy was not assessed in the present study. Values expressed as n (%). or as mean ± SD. The results of the present study differ from those of other studies. According to Heyworth et al., a higher number of chronic conditions translates to a greater negative impact on QoL. (29) The use of ≤ 800 µg of budesonide or equivalent was found to be associated with better QoL outcomes in the "activity limitation" domain (a score > 4, i.e., moderate-to-excellent QoL) in the present study. Patients using ≤ 800 µg of budesonide or equivalent were more likely to have better AQLQ "activity limitation" domain scores. Therefore, it is possible that the use of ≤ 800 µg of budesonide or equivalent contributed positively to the overall AQLQ score. However, no statistically significant association was found between the use of ≤ 800 µg of budesonide or equivalent and the overall AQLQ score to confirm this assumption.
The results of the present study differ from those of a study of patients with moderate to severe asthma before and after treatment with high-dose fluticasone (equivalent to 1,600 µg of budesonide). (30) The overall AQLQ score was correlated with better QoL, as were individual AQLQ domain scores. However, the aforementioned study was a longitudinal study of 60 patients. Therefore, it is possible that the degree of association in that study was different from that in the present study. In addition, the aforementioned study was not conducted in Brazil, meaning that various patient-related factors might have influenced QoL outcomes. (30) In the present study, it was impossible to assess other aspects of pharmacotherapy, such as adherence to treatment, adverse reactions to ICs or other drugs, use of medicinal plants/herbal medicines, and stratification by drug class, because the available data were insufficient to do so.
Studies that have a cross-sectional design preclude the establishment of causal relationships between QoL and independent variables. However, the importance of this issue, the results presented herein, and the lack of QoL studies taking pharmacotherapy into consideration warrant longitudinal studies to establish such relationships.
The importance of this issue and the results of the present study indicate the need for studies investigating pharmacotherapy-related factors influencing the QoL of patients with severe asthma treated at an SUS referral outpatient clinic.
With regard to the goals established by the clinical protocols and treatment guidelines for asthma control, improving the QoL of patients with severe asthma is as important as choosing the appropriate pharmaceutical interventions and drug therapies, given that QoL reflects how patients perceive asthma management outcomes and how they live with the disease.
Pharmacists play an extremely important role in the management of severe asthma, recognizing pharmacotherapy-related factors associated with QoL measures and aiding in choosing the appropriate drug therapy for controlling asthma, reducing morbidity, reducing mortality, and enhancing patient well-being.
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